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OPTICAL MICRO-PROJECTION SYSTEM
AND PROJECTION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of, claims the benefit of
and priority to, previously filed U.S. patent application Ser.
No. 15/187,691 filed Jun. 20, 2016 which 1s a continuation
of U.S. patent application Ser. No. 14/681,661 entitled
“OPTICAL MICRO-PROJECTION SYSTEM AND PRO-
JECTION METHOD?” filed Apr. 8, 2013, which 1s a con-
tinuation of U.S. patent application Ser. No. 13/358,269 filed
on Jan. 25, 2012 and subsequently 1ssued as U.S. Pat. No.
9,004,698, which 1s a continuation of International Patent
Application No. PCT/EP2009/059937, filed Jul. 31, 2009.
The subject matter of all of the above 1s hereby incorporated
by reference 1n their entirety.

FIELD OF THE INVENTION

The present invention relates to an optical micro-projec-
tion system comprising at least one laser light source and at
least one movable mirror, preferably of MEMS type. It also
relates to a projection method and a projection distance
measurement method.

BACKGROUND OF THE INVENTION

The biological eflects of electromagnetic radiation to
human beings can be divided into two categories, 1onizing,
and non-tonizing radiation. The first, 10on1zing radiation, 1s
related to cosmic and x-ray wavelengths and to nuclear
radiation. The second, non-1onizing radiation 1s related to
ultraviolet, visible, infrared, microwave, and radio wave-
lengths. Image and video projection devices works within
the visible spectrum of the light, therefore, non-iomizing
hazard has to be investigated and avoided while running the
device.

Biological effects of non-1onizing radiation are dependent
on the spectral region of the radiation (wavelength) and the
duration of the exposure to the radiation. Furthermore, the
damage to the eyes and skin 1s dependent on whether there
was a single exposure (acute) or daily exposure (chronic) to
the radiation.

The eye, are generally considered to be the organ of the
body which 1s most susceptible to damage by radiation. The
parts of the eye that can be aflected by radiation are the
cornea, lens, eye fluid, and retina. Different light radiation
allects the individual eye parts. The damage to any of the
parts occurs when the light 1s absorbed by the parts. The
damage that takes place 1s dependent on the ranges of the
exposure levels and the time of exposure.

Visible wavelengths of radiated frequency range from 390
nm to 750 nm, those wavelengths are generally refracted by
the cornea and absorbed by the retina.

The Maximum Permissible Exposure (MPE) of the eye to
visible radiations within 400-700 nm wavelengths 1s about
0.001 W/cm?2 for an exposure time of 10 seconds. Therefore
a method to prevent damage 1s needed to maintain an
exposure lower than the authorized MPE.

In addition, the eye 1s also sensitive to other wavelength
that can induce severe damage, in the ultraviolet and infrared
and therefore for device using such wavelength, a method
for preventing damage 1s also required.

In the past years, many diflerent types of electronic

devices using laser units 1n order to perform one or more
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technical functions have been developed. Micro-projections
systems are among these devices. With the growing demand
for laser diode for various applications such as telecom and
laser pointer device, the eve safety 1ssue for human became
an 1ssue and was mainly handled by different methods. The
simplest method was to use stickers placed at the tip of the
laser pointer device and warning the user to avoid any direct
cye 1llumination with the laser. Another method was to
develop a specific driving electronics 1n order to avoid any
peak current in the laser diode 1t electrical failure occurs or
to completely switch off the current in the laser diode above
a certain current level.

More advanced technique where described in past for eye
laser safety, using CCD detector coupled with the laser
source. The CCD detector detects the motion of an object or
a person 1n its vision field and sends a signal to stop the laser
in the case of a movement.

Other technique use motion sensor, such as accelerom-
eters or/and gyroscope, coupled with the projection system
and sense motion of the projector itself, and then send a
signal to the laser source to either switch ofl or lower the
intensity. Other techniques also have been tested 1n the past
using capacitive sensor where one electrode 1s placed 1n the
measurement tool and the human body acts as a second
clectrode. The human presence 1s then sensed by the created
voltage shift between these two electrodes.

A problem of these laser safety techniques, for the specific
laser projection application, 1s that none of these existing
techniques are completely eflicient, as the existing solutions
do not prevent eye damage 1f the user switches on the
projector while he looks directly toward the light source and
while not moving. This specific aspect and possible risk
damaging the eye, 1s possibly one of the key stoppers for the
use of such laser projector by a large number of people and
especially by children. Moreover, most of these techniques
are complex and expensive.

Another problem of the existing techniques to prevent eye
damage 1s that the use of a CCD detector or capacitive
detection do not allow having a directional sensing and 1s
typically much larger that the field of projection of moving
object. The result 1s that a moving object placed outside the
field of projection, and then fully safe 1n terms of eye safety,
will be sensed by the CCD detector and will either stop of
lower the projection intensity of the laser. For hand-held
application of laser projector, this working behaviour, even
though allowing eye safety apparatus 1s therefore not
adapted to normal operation and use. Indeed the user should
be able to use the laser projector 1n a crowed place and
should be able to project while maintaining the projector in
its hand, and during any motion.

A Turther problem of the eye safety technique while using
laser source, 1s that the use of a CCD detector or an external
motion sensor further increase the complexity of the overall
laser-based projection system by adding a different technol-
ogy to the technology mitially used for the projection

purpose.
A known type micro-projection systems based on Micro-

Electro-Mechanical System (MEMS) 1s presented in FIG.
1A, where two MEMS scanning mirrors 102 and 103 are
reflecting a laser light source 101 1s order to project a two
dimensional 1mage on a target screen 104. Other projection
system, presented 1n FIG. 1B and based on matrix of a large
number of individual addressable pixels 105, either based on
either MEMS technology or Liquid Crystal on Silicon could
also use laser source to project image.

A complete architecture for laser-based colour projection

using two One-Degree-Of-Freedom (1 DOF) MEMS scan-
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ning mirrors 1s presented in FIG. 2. The laser beams 200 are
combined using a beam combiner 201 optic device and the
resulting beam 1s entering a beam splitter 202 and 1s
deflected by the two MEMS scanning mirror 203 to project
a two dimensional 1image. However, 1n existing projection
systems, there 1s no complete safety system that can avoid
eye damage when the eye 1s within the field of projection
above the MPE limit, as presented in FIG. 3.

Other electronic devices using self-mixing technique are
also known. For instance, W02005/106634 discloses an
apparatus for handling sheet material or an optical put
device, which employs a relative movement sensor utilizing
the so-called “self-mixing” effect of a laser diode. A band
pass filter 1s provided for filtering the electric signal result-
ing from measurement of the electric signal to reduce or
substantially eliminate the effects of both the low frequency
carrier signal and the high frequency noise present 1 such
a signal. As a result, the precision of the laser self-mixing
translation measurements 1s significantly improved.

U.S. Pat. No. 6,233,045 relates to a self-mixing sensor
usable for remotely measuring speed, vibrations, range, and
length provided in a manner making the device practical for
economic implementation while retaining accuracy. In one
embodiment, the device 1s configured to avoid mode hop-
ping, such as by providing for relatively high loss for all
modes other than the desired mode. Preferably this 1s
accomplished by utilizing laser types that have a high degree
ol side mode suppression, such as DFB lasers or through
active or passive control of the amount of light permatted to
re-enter the laser.

However, these devices are of no use to provide micro-
projection system or methods.

WO02007/062154 relates to a method for compensating
non-uniformities of a projection surface in a front projection
display. The measured properties of the surface are used to
provide a screen compensation bitmap or a screen compen-
sation convolution table. To obtain the screen compensation
map, the method involves measurement of brightness for
cach pixel and storing the related values in the map. The
compensated 1mage 1s obtained 1n moditying the grayscale
values of the pixels 1n the video 1image according to corre-
sponding values 1n the screen compensation map to produce
a compensated video 1mage signal.

According to this method, the applied correction directly
depends on the projected image. Thus, if an 1mage showing
an 1rregular surface such as a cushion or non 1roned clothes
or sheets, etc, 1s displayed, the projection system will use the
method to compensate the image as 1f the irregularities
where caused by the projection surface. Moreover, the
correction depends on the image taken by an additional
camera or device which 1s not perfectly aligned with the
projection system, which adds to the cost and complexity,
and creates parallax errors. This device 1s of no use for
cye-salety.

US2009/01472772 describes a proximity detection method
for controlling of an 1maging device. A proximity detector 1s
capable of estimating the distance from an object to the
projector. IT an object 1s detected within a minimum dis-
tance, the projector operation may be altered, for example to
cause the projector to turn off or to reduce the intensity of the
emitted light below a selected range. In a first embodiment,
the detection module uses periphery detection to detect the
presence of an object 1n front of the projector. The proximity
detector projects nearly collimated beams of infrared light to
create spots that are placed around a display region projected
by a projector. The retlected beams are then detected by a
linear array of sensors, which detects retlection of the beams
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4

within a detection cone. In a second embodiment, a detec-
tion module uses triangulation based distance estimation to
detect the presence of an object in front of the projector.
Such a system involves specific infrared emitters and detec-
tors 1n addition to the standard projection material. Distance
data mvolve only few points, therefore limiting accuracy
and potential other uses of the data. Again, the distance
measuring system 1s not aligned with the projection system,
creating parallax errors.

SUMMARY OF THE

INVENTION

It 1s therefore an object of the present invention to provide
a method and a device providing protection for human and
amimal bodies, and more particularly eye protection for
humans during use of a laser projection system.

It 1s another object of the invention to provide protection
means for a laser projection system that do not interfere with
the surrounding environment or do not provide false detec-
tion due to objects that are not directly exposed to laser light.

It 1s a Tfurther objet of the invention to provide a protection
for laser projection system that 1s simple, reliable and cost
ellective.

It 1s a further object of the mvention to provide a distance
measurement method that 1s compatible for use with a micro
projection system.

According to the invention, these aims are achieved by
means of an optical micro-projection system comprising the
following components:

at least one light source;

at least one movable mirror for deviating light from said
light source to allow generation of 1mages on a projection
surface;

at least one photodiode for receiving light reflected by
said projection surface;

a distance evaluation circuit for evaluating the distance
between the projection source and a projection surface based
on light deviated by said mirror and received by said
photodiode.

Sharing a common deviation arrangement for 1llumina-
tion and distance measurement 1s particularly advantageous.
For instance, distance measurement for each point or pixel
1s precisely based on the same path followed by the lighting
step, thus avoiding any parallax imprecision.

The distance evaluation system uses similar technology
blocks, including a light source, as the ones used for the
projection system and therefore does not increase the com-
plexity of the whole system by adding a new diflerent
technology.

Distance measurement may be based on different tech-
nologies such as time-oi-tlight evaluation or self-mixing for
instance.

The light source 1s advantageously a laser light source. In
a variant, Digital Light Processing (DLP) technologies may
be used with such a system.

In a preferred embodiment, the distance evaluation circuit
1s arranged for evaluating the brightness of light deviated by
the mirror and received by the photodiode in order to
evaluate the distance.

In an aspect of the mvention, the circuit comprises a
seli-mixing module and an optical power variation counter
for counting optical power variations (swings).

In another aspect of the invention, the same component 1s
used as said light source and as said photodiode.

In a further aspect of the invention, the photodiode 1s an
avalanche photodiode, said distance evaluation circuit being

e
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arranged for evaluating the time-of-flight of the light
between emission by said light source and detection by said
avalanche photodiode.

In a turther embodiment, the light source emits a modu-
lated light at a visible wavelength, said mirror deviating said
visible light so as to scan a visible image onto said projection
surface, said photodiode receiving said visible light reflected
by said projection surface.

In a still further embodiment, the system further com-
prises at least one light source emitting a modulated light at
a visible wavelength, at least one additional light source
emitting infrared light at an infrared wavelength, and said
mirror deviating said visible light and said infrared light, so
as to scan a visible image onto said projection surface, said
photodiode receiving said infrared light retlected by said
projection surface.

In a preferred variant, successive displacements of said
mirror allow distance measurements of a plurality of points
of said projection surface. Compiling the plurality of mea-
sured distances then allows generating a projection distance
map of the generated points.

The resulting distance map 1s particularly useful on the
one end for enhanced safety, allowing detecting an object at
any position, and on the other end to enable further technical
features, such as brightness correction, 1mage distortion
detection, volume calculation, profile detection, as further
discussed here after.

In still another variant, the laser light source 1s an 1image
projection light source usable alternatively im an image
projection mode and 1n a measuring mode during which the
projection point does not correspond to an 1mage pixel.

The mirror 1s preferably a MEMS scanning micro-mirror.

In another aspect, the self-mixing module further com-
prises a light amplitude measurement unit for measurement
of reflective light amplitude level on said projection surface.
This enables the system to compensate for brightness non-
uniformity, by projecting brighter image portions in specific
zones and darker 1mage portions 1n other zones.

The optical micro-projection system 1s advantageously
based on Dagital Light Processing (DLP) of Liqud Crystal
Display (LCD) or Liquid Crystal on Silicon (LCoS) matrix.
The light source can also be a Light Emitting Diode (LED)
or Super luminescent Light Emitting Diode (SLED).

In another aspect, the invention also provides a projection
method for optical micro-projection system comprising the
steps of:

a) providing at least one light source coupled to at least
one movable micro-mirror for deviating light from said light
source to allow generation of 1images on a projection surface;

b) recerving light reflected by said projection surface with
at least one photodiode;

¢) with a distance evaluation circuit, evaluating the dis-
tance between the projection source and a projection surface
based on the output of said photodiode based on light
deviated by said micro-mirror and received by said photo-
diode.

In a preferred embodiment, successive displacements of
said mirror allow distance measurements of a plurality of
points of said projection surface.

In a further embodiment, the method also comprise the
following steps:

a) for a first point (for instance an i1mage pixel) 1n a
projection zone, generating a laser light signal for projection
on a projection surface via retlexion on said micro-mirror;

b) measuring the projection distance of this point from the
projection source;
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¢) displacing the micro mirror position to a new position
allowing projecting a further point;

d) projecting said further point with said laser light
sQurce;

¢) measuring the projection distance of this further point
from the projection system;

1) repeating steps “c” to “e” until the projection distances
for all points have been measured, and;

g) compiling the plurality of measured distances for
generating a projection distance map of the generated points.

Self-mixing technique 1s preferably used for distance
measurement. This technique 1s advantageously completed
by optical power variations counted with an optical power
variation counter. Other ways ol measuring the distance are
also possible, such as time-of-flight evaluation for instance.

The light source arrangement differs 1n accordance with
several variants. In a first variant, the light source 1s also
used for image projection. In a second vanant, the light
source 1s used alternatively 1n an 1image projection mode and
in a measuring mode during which the projection point does
not correspond to an image pixel. In a third vanant, the light
source 1s an 1nfra-red laser diode used specifically for
distance measurement.

In a preferred embodiment, the output power from the
laser source 1s reduced 1f the measured distances indicate
that for at least one point, the distance value 1s below a given
threshold value.

Such a method enables for instance the detection of an
object placed in front of the micro projector emission light
cone and the subsequent reduction of the emitted light power
in order to enable safety operation modes. This 1s of par-
ticular interest, for instance in uses related to prevention,
such as eye protection and other human and animal body
parts safety apparatus. In such cases, the reduced power 1s
preferably set to values such that the Maximum Permissible
Exposure (MPE) of the eye 1s not reached.

The projection method for optical micro-projection sys-
tem may comprise the step of determining the position of an
object placed 1n the projection cone.

The projection method may comprise the step of deter-
mining the profile of said object, and wherein the brightness
of the image projected onto said object 1s reduced.

The projection method, wherein signals representative of
the position of said object are used as data commands for a
graphical user interface.

The projection method for an optical micro-projection
system, wherein said 1mage 1s projected onto a semi-trans-
parent projection surface, and wherein the position of an
object behind said projection surface i1s determined.

The projection method for optical micro-projection sys-
tem, wherein the position of several objects simultaneously
present 1n said projection cone 1s determined.

The projection distance map may also be used for ditler-
ent purposes, 1n a plurality of applications, in particular, but
not exclusively, for micro projection systems.

In a first vanant, the projection distance map enables
defining the profile of an object or person placed in front of
the expected projection surface. After such detection, the
map can be used to project around said profile.

In a second variant, the projection distance map 1s used 1n
order to determine volume dimensions. Considering the
high-resolution map obtainable with this method, volumes
may be measured 1n a very accurate, simple and reliable
way. For applications such as quality control, where large
quantities of components have to be measured accurately
and quickly, the present method 1s of particular interest.
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Volume measurements may also be precisely performed
with components or objects having complex shapes or

profiles.

In a third variant, the projection distance map 1s used in
order to detect any 1mage distortion. In case of such detec-
tion, a modulation of the mirror-scanning angle 1s calculated
in order to compensate the 1image distortion.

In still a further variant, the projection distance map 1s
used 1n order to adjust the 1image size and power brightness.
This may be done in order to optimize the projection
functionality, depending on user preference.

In a further aspect, the invention also provides a distance
measurement method, i particular for an optical micro-
projection system, comprising the steps of:

a) providing at least one laser light source coupled to a
movable micro-mirror and to a scanning control module for
deviating light from said light source for projection on a
projection surface;

b) recerving light reflected by said projection surface with
at least one photodiode;

¢) with a measuring circuit using the same scanning
control module, evaluating the distance between the projec-
tion source and a projection surface based on the output of
said photodiode.

In a preferred embodiment, successive displacements of
said mirror allow distance measurements of a plurality of
points of said projection surface and compiling the plurality
of measured distances allow generating a projection distance
map of the generated points.

In such a distance measurement method, the projection
distance map 1s advantageously used in order to either
determine volume dimensions, or detect any 1mage distor-
tion or to adjust the 1image size and power brightness.

Self-mixing technique or time-of-flight distance measure-
ment technique may be used for distance measurement.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other purposes, features, aspects and
advantages of the mvention will become apparent from the
following detailed description of embodiments, given by
way of illustration and not limitation with reference to the
accompanying drawings, i which:

FIGS. 1A and 1B describe known type laser projection
systems based respectively on MEMS scanning micro-
mirror and matrix of digital micro-mirror or Liquid Crystal
on Silicon;

FIG. 2 describes a color projection system based on
MEMS scanning micro-mirror and multiple laser sources;

FIG. 3 describes an object 1n the field of projection of a
projector;

FI1G. 4 describes the electrical equivalent circuit of a laser
diode;

FIG. SA illustrates the working principle of the distance
measurement technique;

FIG. 5B 1s a schematic representation of the main com-
ponents of a micro-projection system according to the
invention;

FIG. 5C 1s a schematic representation of the main com-
ponents ol a variant of a micro-projection system according
to the invention;

FIG. 6 describes the system architecture for a projector
using MEMS scanning micro-mirror and laser light source;

FIG. 7 describes the system block diagram for the laser
projector;

FIG. 8 describes image distortion due to the projection on
a non-flat surface;

5

10

15

20

25

30

35

40

45

50

55

60

65

8

FIG. 9 describes the block diagram for the image distor-
tion compensation;

FIG. 10 describes the projection on a surface having
various depths;

FIG. 11 describes a projection method allowing projecting,
images around a human body.

FIG. 12 describes a projection system that interacts with
the movement of the human body such as finger or hand.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

For clarity, as 1s generally the case in representation of
microsystems, the various figures are not drawn to scale.

Laser diodes are made of two discrete components, a laser
diode “LDD”” 400 and a photodiode “PD” 401, as presented 1n
FIG. 4, the first component 1s used to generate the laser light
while the second 1s used to monitor the light emission power
of the laser diode. For many applications the laser diode and
the photodiode are feedback looped to maintain the optical
output power of the laser diode constant, independently of
the working temperature.

A laser diode remote sensing technique described by
Thierry Bosch 1n “An overview of self-mixing sensing
applications™ can be used to measure displacement, vibra-
tion, velocity and distance by using the Optical Feedback

Interterometry (OFI) properties inside the active cavity of
the laser diode 600 (see FIG. 5).

FIG. 5A presents the Seli-Mixing “SM” technique that
consists 1n 1njecting a triangular waveform modulated cur-
rent 602 into the laser diode 600 to perform absolute
distance 604 measurements of a stationary target 603.
Indeed, by modulating the injected current, the length of the
equivalent laser diode cavity 1s modified while the complex
refractive index of the active cavity 1s varying. Moreover,
both the optical frequency and power are also modulated.
The emitted wavelength X then presents a triangular shait
AX, therefore the wave number (2mA) 1s shifted by the
amount (-2mAA/A2). Optical power swings occur while
injecting the current with a triangular wavetform modulation.
The absolute distance 604 measurement of a stationary
target can be performed by counting the N number of optical
power swings 605 during each modulation cycle, detected
with the integrated photodiode 601.

In alternative embodiments, absolute distance measure-
ment may be performed by evaluation of time of flight,
based for example on avalanche photodiode triggered by
single photons and Time to Digital Converter “TDC”.

Micro-projection systems based on laser diode technol-
ogy classically use one or two micro mirrors to deflect the
light beam and generate the image pixel by pixel. The
invention uses the “SM” distance measuring technique
coupled with one or two steering mirrors to determine the
distance of an object 302 placed in front of the micro-
projector light emission cone 300 as shown 1n FIG. 3. The
laser diode used to perform the “SM” distance measurement
can be the same one used as light source 1n the projection
system. I needed, an additional laser diode can be added to
the projection system, in order to perform the distance
measurement without disturbing the projection laser diodes.

FIGS. 5B and 5C show schematic representation of the
main components mvolved 1n the micro-projection system
of the invention. As shown 1n FIG. 5B, a laser diode 600
projects a laser light on a projection surface 603 via a
scanning mirror 613. At least a portion of the light 1s
reflected on the projection surface and returns to a photo-
diode 601, adapted for monitoring the reflected light. A
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circuit 1s provided for evaluation of the distance between the
projection system and the projection surface. In the 1llus-
trated example, this circuit comprises a self-mixing module
610 and an optical power variation counter 611, cooperating
with the laser diode 600 and the photodiode 601 and
allowing distance measurement using self-mixing tech-
nique. The self-mixing module 610 and the optical power
variation counter 611, using the multiple distances resulting,
from the measurement steps, provide projection distance
maps 612, that may be used in further steps for diflerent
applications as explained hereafiter.

FIG. 5C shows a variant 1n which at least one Infra-Red
IR laser 614 1s used. FIG. 6 shows an example of such
variant where an additional Infra-Red “IR” laser diode 402
1s provided 1n order to perform the distance measurement.
As shown 1n FIG. 5C, a plurality of laser diodes 600 1s
advantageously used, coupled or not to one or more IR
diodes 614.

The advantage of using an additional IR laser diode,
instead of one used as projector light source, 1s the non
disturbance of the projected image while the system perform
a distance measurement.

The device and method according to the invention enable
performing a distance measurement over the entire projec-
tion surface 301. The distance measurement can be per-
formed pixel by pixel while the system 1s running. As a
result of the “SM” distance measurements, an object dis-
tance map (or projection distance map) with the same
resolution (or with a lower resolution) as the projected
image can be generated and used for a plurality of applica-
tions. In a first example of application, the projection
distance map 1s used to detect an eventual object placed 1n
front of the micro-projector light emission cone 300. It the
detected object 1s placed too close to the projector emission
window 300 the light intensity 1s automatically reduced, in
order to stay under the MPE region, no matter which kind of
object 1s detected.

The method and device of the mvention allows com-
pletely avoiding the human eye hazard by keeping the
projected light intensity lower than the eye damage soil at
visible wavelengths. An advantage of the invention consists
on the fact that the laser projection system 1s always safe for
the human eye by instantly reducing the output power.

Another aspect of the mvention 1s the mnovative way of
integrating the “SM” technique 1nto the scanning laser based
projection system. Indeed the method and device according
to the mnvention allow minimizing the system complexity
and avoid any alignment issues, and insure that the mea-
surement system does not disturb the projection and degrade
the 1mage quality.

As shown 1n FIG. 2, the device of the invention uses one
of the laser diode 200 already used as light source for the
projection device 1n relation with the SM technique 1n the
following specific way: during the distance measurement
time-frame, no pixel of the 1image 1s projected with the laser
diode used for the distance measurement. In other words, 1f
one laser diode “lambda” 1s used to perform the distance
measurement, during this time frame, either all other laser
diodes are switched OFF, or they are pulsed as usually to
project the i1mage pixel, whereas the mmitial laser diode
“lambda™ 1s actuated differently to perform the distance
measurement. For a three laser (RGB) projection for
example, having the green and blue color still pulsing image
pixel as usual could limit the image degradation. In fact, the
normal pixel projection way 1s to pulse the laser using a
short pulse. However, 1n order to use the SM technique, 1t 1s
required to apply a triangular waveform to the laser. It 1s
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therefore not possible to do the measurement distance and
the 1mage projection at the same time without degrading the
projected 1image quality. The required time-frame for doing
the distance measurement, and therefore the number of
image pixel that will not be projected, depends on the
normally used pixel pulsation speed.

Similar assembly technique can be used to assemble the
IR laser source to the other optical components using
passive alignment technique. This techmique has the further
advantage to perform the distance measurement at the same
time as the other lasers are used to project the image, while
not disturbing the 1image projection quality. Furthermore, the
IR laser diode can be of lower power compared to the ones
used as light sources for the projection system. The lower
power can be explained by the higher sensitivity of photo-
diodes at IR wavelength. The IR laser diode power 1s always
lower than the MPE value for his corresponding wavelength,
avoilding any possible eye injuries.

This fact then ensures eye safety from the IR source,
always staying under the MPE region and a lower power
consumption of the overall projection-distance projection
system.

In addition, such optical architecture enables to detect an
object only within the cone of projection 300 of the device,
meaning only 1n the range that can be dangerous for the eye.
The mvention provides directionality of the distance mea-
surement only in the needed scope range because the IR light
follows exactly the optical path of the visible light. It then
prevents to nadvertently reduce the power intensity if an
object 1s placed outside the projection cone, 1n a zone that
should not be taken into account. The complete expected
functionalities of the device are thus maintained.

FIG. 7 illustrates a further aspect of the invention. The
block diagram explains the relation between the distance
measurement and the regulated output laser power 1n order
to stay under the MPE region with objects at any distances
from the projector light source. In order to avoid any damage
during the starting up of the colour projection, in the case a
person put the projector 1n direct contact with the eye for
example, a first distance measurement 1s done with the low
power IR laser, under the MPE region. Then 1f the projection
distance 1s suflicient to maintain lower MPE limait, the
visible laser sources are started. As the measurement dis-
tance can be done at the same speed or faster than the image
pixel pulsation speed, any object of human entering the
projection cone can be detected fast enough to stay below
the MPE exposure limit. The system 1s also designed to shut
down all laser sources in case of failure of the distance
measurement system and/or a failure of one or two MEMS
miCro mirrors.

FIG. 8 illustrates another aspect of the invention related to
the use of such integrated measurement system in the
projector 1 order to compensate for the optical projection
distortion that arises when the projector projects non-per-
pendicularly to the projection surface 303. Indeed, using the
SM measurement technique, not only the distance from the
projector to the projection surface can be measured but also
the effective image size and shape on the projection surtace.
This measurement also gives the mformation on the paral-
lelism of the 1image on the projected surface. Therefore, as
the width of each scanning line can be measured with the
described measurement system, the projection system 1s
provided with a loop control 1 order to modulate the
scanning angle or to alter the scanning pattern in order to
compensate for the optical distortion, as presented in the
block diagram of FIG. 9. The nitial distorted image 304 can
then be restored 305 according to the proposed algorithm.
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In a further aspect of the invention, the projection distance
map 1s used to measure the distance of any object placed 1nto
the projection cone. As the number of measurement points
can be very high, a high resolution can be achieved. Because
of the use of laser light source, measurement 1n harsh
environment and especially outdoor and long-range mea-
surement can be achieved.

Still a further aspect of the invention relates to the
optimization of use of such projection system. Indeed for the
user point of view, one of the main concerns 1s to maximize
the brightness of the projector, especially in bright environ-
ment, while staying below the MPE region. To do this, the
information provided by the measurement distance 1s used to
command the scanning mirror angle and then the projection
s1ze 1s order to maximize the projection brightness. Indeed,
as presented in FIG. 10, 1n the case of a user projecting an
image on a non-flat surface 306 that can even have various
depth and cavities, the projector brightness 1s automatically
adapted to stay below the MPE region based on the shortest
distance between the projector and the projection support.
However 1n this specific case, the projector capabilities and
brightness functionality are greatly reduced due to the
presence of a small area on which maybe the user would not
want to project.

According to this further aspect of the invention, when the
measured distance between the projector and the projection
support show vaniations that can be linear or nearly-linear
due to the projection on a curved surface, or that can be
abrupt, as seen 1 FIG. 10, the projector either proposes to
the user or performs automatically modulation of projection
scanning angle 1n order to evaluate the optimum projection
characteristics on a given surface. In the case presented 1n
FIG. 10, the optimum could be to reduce the projection size
to fit into 309 opening and then being able to increase the
output power Irom the projector to achieve a brighter image,
which was previously limited by the presence of the 306
surface. This optimum could be different depending on the

applications and can be either the brightness or the image
S1Z€.

In another aspect of the invention, the micro-projection
system detects the presence of an object or a human body
within the projection field and projects an 1image all around
that object, as presented in FIG. 11. This technical feature
enables mteractivity, where a person 406 for example can be
placed 1n a “virtual” scene 405 that 1s projected around him
or her.

In a further application, the micro-projection system 1s
adapted to measure the distance between the projector and
an object at a high number of points, allowing calculating
the volume of the object. The system 1s then suited for
three-dimensional measurement.

In a further application of the invention, the system is able
to sense 1n two or even three dimensions the position of a fix
or moving object, as shown in FIG. 12, that could be for
example a human hand, finger or a stick or even the spot
light coming from a laser pointer. This information on
position can be retrieved by the processing system that
commands the micro-projection system, and used as an
additional input channel, for example in order to adapt the
projected 1mage according to the position of this object. The
motion of such object could also be sensed and the projected
image can be changed accordingly. With this system, 1t 1s
possible to do close to real time evaluation of position and
speed of an object, but 1t 15 also possible to sense the position
and speed of multiple objects simultaneously, for example 1n
order to provide signals representative of the 2D or 3D
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position of objects within the projection cone, and to com-
mand the processing system accordingly.

A typical application of such a system 1s a human-
machine interface to provide interactivity. The projected
image 407 could have some specific parts, 408 or 409 for
example, that can be dedicated for the object sensing and
motion and where the image brightness remains below the
MPE region or lower, such as class 1 or class 2, 1n order to
prevent any mnjury of a person moving in this portion of the
image. The rest of the projected image may be brighter. The
projected image may also comprise widgets, such as buttons,
scrolling elements, sizable windows, etc which can be
mampulated by a user for entering commands. Other body
and hand gestures may be executed in front of (or behind)
the projection surface in order to enter command. For
example, a displacement of the arm, or of the fingers, may
be used for scrolling, panning, or for moving an object 1n 3
dimensions. Moving arms apart or together can be used for
resizing objects.

The projected 1mage may also be adapted to the position,
s1ze and motion of the object, 1n order to project onto this
object, and/or around this object.

In one embodiment, the 1mage 1s projected onto a semi-
transparent screen 411; 1n this case, an object behind the
projection surface, such as a human body 410, could also be
sensed.

In any cases, 1t 1s not mandatory that the object whose
position 1s sensed 1s 1 contact with the projected image
screen: an object can also be sensed 1t 1t 1s placed away from
the screen.

The system and method of the invention may use either
laser visible or infrared source, but all light sources having
integrated photodiode can be used, such as Superlumines-
cent Light-Emitting Diodes (SLED) or Light-Emitting
Diode (LED) light sources.

Another aspect of the invention is that the system 1is
adapted to have a feedback on both the distance measure-
ment from the projector to the support and the amplitude of
the reflected light. This enables the system to determine
information about the projection support brightness. Indeed
due to the light absorption that depends on the support
colour or roughness, the system 1s able to control the laser
power intensity 1 order to adapt it for the support bright-
ness. As an example, when projecting onto a surface that
have bright, grey and dark zones, the projector i1s able to
compensate for the diflerent zones and then give to the user
a better visual comiort with uniform or adapted projection
brightness.

Those skilled in the art will also understand that the here
above described materials can be modified. Such alterations,
modifications and improvements are mtended to be within
the spirit and scope of the invention. For instance, the
projection system may be a matrix-based projection system
such as LCOS, DLP and LCD.

Accordingly, the foregoing description 1s by way of
example only and 1s not intended to be limiting.

What 1s claimed 1s:

1. A system comprising:

a photodiode to receive a reflection of a light beam

emitted by a light source onto a projection field;

a processor coupled to the photodiode and the light

source; and

a memory coupled to the processor, the memory com-

prising 1nstructions that when executed by the proces-

sor cause the processor to:

receive, from the photodiode, an indication of the
reflection of the emitted light beam;
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detect, based on the reflection, an object proximate to
the projection field;

determine a distance between the light source and the
object at a plurality of points on the object;

determine a volume of the object based at least 1n part
on the determined distances; and

cause the light source to emait the light beam to project
an 1mage around the object.

2. The system of claim 1, the memory comprising mnstruc-
tions that when executed by the processor cause the proces-
sor to modily a brightness of a dedicated portion of the
image around the object such that the brightness in the
dedicated portion 1s less than a selected level.

3. The system of claim 2, the selected level corresponding
to a specified maximum exposure setting for the light source.

4. The system of claim 1, the memory comprising instruc-
tions that when executed by the processor cause the proces-
Sor to:

repeatedly receive, from the photodiode, an indication of

the reflection of the emitted light beam; and

detect, based on the repeatedly recerved indication of the

reflection, movement of the object proximate to the
projection field.

5. The system of claim 1, the memory comprising mnstruc-
tions that when executed by the processor cause the proces-
sor to dynamically modily the projected image based on the
detected movement of the object.

6. The system of claim 1, comprising the light source.

7. The system of claim 6, wherein the light source 1s a
light emitting diode.

8. A method comprising:

emitting, via a light source, a light beam onto a projection

field;

receiving, via a photodiode, a reflection of the emitted

light beam;

detecting, based on the reflection, an object proximate to

the projection field;

determining a distance between the light source and the

object at a plurality of points on the object;
determining a volume of the object based at least 1n part
on the determined distances; and

projecting, via the light source, the light beam to project

an 1image around the object.

9. The method of claim 8, comprising moditying a bright-
ness of a dedicated portion of the image around the object
such that the brightness 1n the dedicated portion 1s less than
a selected level.

10. The method of claim 9, the selected level correspond-
ing to a specified maximum exposure setting for the light
source.
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11. The method of claim 8, comprising;

receiving repeatedly, from the photodiode, an indication
of the reflection of the emitted light beam; and

detecting, based on the repeatedly received indication of
the reflection, movement of the object proximate to the
projection field.

12. The method of claim 8, comprising dynamically
moditying the projected image based on the detected move-
ment of the object.

13. At least one computer-readable storage medium hav-
ing stored thereon instructions that, when executed by
processing circulitry of a projector, cause the projector to:

emit, via a light source, a light beam onto a projection
field;

receive, via a photodiode, a reflection of the emitted light
beam;

detect, based on the reflection, an object proximate to the
projection field;

determine a distance between the light source and the
objet at a plurality of pomts 1n the object;

determine a volume of the object based at least in part on
the determined distances; and

project, via the light source, the light beam to project an
image around the object.

14. The at least one computer-readable storage medium of
claim 13, comprising instructions that when executed by the
processing circuitry, cause the projector to modily a bright-
ness of a dedicated portion of the image around the object
such that the brightness 1n the dedicated portion 1s less than
a selected level.

15. The at least one computer-readable storage medium of
claiam 14, the selected level corresponding to a specified
maximum exposure setting for the light source.

16. The at least one computer-readable storage medium of
claim 13, comprising instructions that when executed by the
processing circuitry, cause the projector to:

recerve repeatedly, from the photodiode, an indication of
the reflection of the emitted light beam; and

detect, based on the repeatedly received indication of the
reflection, movement of the object proximate to the
projection field.

17. The at least one computer-readable storage medium of
claim 13, comprising instructions that when executed by the
processing circuitry, cause the projector to dynamically
modily the projected image based on the detected movement
of the object.
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